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Effect of Intra-articular Injection of Hyaluronic 
Acid on the Clinical Symptoms of Osteoarthritis 
and on Granulation Tissue Formation 

Nils Rydell, M.D. and Endre A. Balazs, M.D. 



This paper was initiated by the electron 
microscopic studies of Balazs, Bloom and 
Swann 2 who found a 1-2 n thick layer ad- 
herent to the articular cartilage surface and 
found that it may contain hyaluronic acid. 
This layer seems to be associated with the 
aging processes because it becomes thicker 
in older animals. 

Enzymatic, electron microscope and chem- 
ical studies performed on fresh joint speci- 
mens from cows support the idea that 
this layer contains hyaluronic acid. 1 Hyalu- 
ronic acid may, therefore, be important not 
only as a constituent of synovial fluid, but 
also as a component of the cartilage surface. 
Such a layer of hyaluronic acid on the carti- 
lage surface may protect the cartilage from 
wear and also act as a shock absorber pro- 
tecting the cartilage cells from Shockwaves. 
In the vitreous of the eye the hyaluronic 
acid gel seems to be an excellent shock ab- 
sorber for the retina. 3 

Under dynamic conditions, hyaluronic 
acid solutions have a significant viscoelastic 
behavior. The biological importance of this 
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was pointed out by Balazs and co-work- 
ers. 3 * 6 

In normal joints the hyaluronic acid layer 
forms an elastic cushion between the joint 
surfaces and behaves as a good shock ab- 
sorber. 3 

If for some reason the hyaluronic acid 
layer on the cartilage surface disappears, the 
cartilage cells may be damaged by impact on 
the joint surface and/or the superficial part 
of the cartilage will be submitted to mechan- 
ical wear. 

If in arthritic joints this layer of hyalu- 
ronic acid on the cartilage surface could be 
restored by injections of highly concentrated 
hyaluronic acid solutions, the condition 
could improve and the progress of the dis- 
ease might be arrested. 

METHODS AND MATERIALS 

The hyaluronic acid used in these experi- 
ments was prepared from human umbilical 
cords and rooster combs. The sterile prepara- 
tions were obtained as previously described. 4 * 
These preparations have a protein content of ~ 
0.2-0.3 -per cent -and a molecular -weight of - 
1-2 X 10 6 . The intrinsic viscosity is in the 
range of 3,000 cc/g. The sodium salt of hyalu- 
ronic acid was dissolved in saline to a concen- 
tration of 3-8 mg/ml. Two to 3 milliliters of 
the solution (6-24 mg of hyaluronic acid) were 
used each time for joint injections. 



* This hyaluronic acid preparation now is avail- 
able from Biotrics, Inc., 24 Beck Road, Arlington, 
Massachusetts, 02174. 
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Experiments were carried out on both knee- 
joints of dogs and owl monkeys by creating a 
surgical wound in the weight-bearing area of the 
lateral femoral condyle. In one joint, hyalu- 
ronic acid was injected at the time of the opera- 
tion and on every fourth day for 4 weeks. 
Nothing was injected into the other joint, as 
saline injections are known to be harmful to 
the joints. After 6-8 weeks the animals were 
sacrificed and the two sides compared. 

Traumatic and degenerative arthritis in race 
horses is a frequent and disabling joint disorder 
for which corticosteroids are generally used. 
The intra-articutar injections of suspensions of 
water-insoluble salts of corticosteroids offer only 
temporary improvement in the majority of 
cases, and prolonged use of the drug can cause 
considerable damage to the articular cartilage. 
The fact that traumatic arthritis is frequently 
observed in young animals which are heavily 
raced and that the changes usually take place 
in the carpal, tarsal, fetlock, and coffin joints, 
which are all significantly stressed during racing, 
suggests that these changes are caused by wear 
and tear, although such factors as nutrition and 
heredity are probably also of importance. 7 * 8 

In the first series of treated horses presented 
here, 9 the hyaluronic acid was mixed with Depo- 
Medrol (6-a-methylprednisolone 21 -acetate, Up- 
john), in the control group, only Depo-Medrol 
was injected. 

Further studies with hyaluronic acid injec- 
tions alone have given results as good as those 
from cases treated with both hyaluronic acid 
and cortisone. 

Twenty race horses (aged 3-10 years) with 
traumatic or degenerative arthritis were used. 
In most cases only one joint was involved, but 
in a few cases two diseased joints of the same 
animal were treated. 

Six of the horses had been treated earlier 
with Depo-Medrol with no or only short-lasting 
effects; recurrence of symptoms occurred within 
1-4 weeks. Almost all joints involved were 
swollen and had increased skin temperature 
compared to~ the- joint of- the opposite side. In 
a few cases,_a.considerable joint effusion under 
pressure was observed. In these cases the ex- 
cess synovial fluid was removed from the joint. 
In all other cases, the volume of the synovial 
fluid removed was the same as the injected vol- 
ume. 

The treatment and evaluation of the results 
are described in 2 series. Twelve horses re- 
ceiving cortisone and hyaluronic acid consti- 
tute Series I; 8 horses receiving cortisone 
alone constitute Series II. The selection of 
horses for Series I and II were randomly made. 



Each series is subdivided into 3 groups accord- 
ing to the animal's ability to use the joint while 
racing, walking, and standing: 

Group I horses showed symptoms of func- 
tional disorder only during extreme stress on the 
joint; viz., as bearing out or in, during racing. 

Group II horses showed symptoms of lame- 
ness, limping at any time when in motion and 
when the joint was used, but not while standing. 

Group III horses showed symptoms when 
standing and refusing to place their full weight 
on the diseased joint under any conditions; 

In all 3 groups the skin over the diseased 
joint was usually considerably warmer than 
normal. 

The effect of treatment was evaluated on a 
functional basis, i.e., whether or not the horse 
could return to racing, how well the animal 
performed, and the duration of improvement. 
The results were defined as follows: Poor — the 
horses continued to be lame and unable to race, 
or the lameness reappeared after a short period 
of improvement (less than 4 weeks) and the 
horse was unable to race in spite of repeated 
injections; fair — the horse could race again, 
but did not perform as well as immediately 
prior to the onset of symptoms; good — the 
horse returned to racing a few days after treat- 
ment, performing as well as it did before the 
symptoms started for a period of at least 3 
months (this 3 -month period was arbitrarily 
selected because we did not have the oppor- 
tunity to follow the 2 cases in this group for 
a longer period of time); excellent — the horse 
resumed racing, performing as well as or better 
than it had prior to the manifestation of the 
symptoms, and the improvement was main- 
tained for more than 3 months. 

In order to investigate the effect of the im- 
plantation of hyaluronic acid on the subcutane- 
ous scar formation after surgical incision, 45 
animals were each subjected to incisions 4 cm 
long, symmetrically on both sides of the body, 
reaching down to the muscular fascia. The 
fascia wa^trauniatized by 10 strokes of^a gauze 
pad. It was considered of great importance 
that exactly the same damage "be performed- 
on both sides of the same animal. Twenty-five 
rabbits, 10 owl monkeys, and 10 guinea pigs 
(a total of 45 animals) were used. On one side 
of each animal, hyaluronic acid was implanted 
before the wound was- closed; on the other side, 
the control side, saline was injected in 2 cases. 
As the injection of saline alone may be harm- 
ful to the connective tissue, this procedure was 
avoided in most animals. The surgical pro- 
cedure was identical on both sides. Three to 6 





;. : l;:'.^ks' ; 'att 
■ imcrificed 
. star'- explcs 
.comparing 
I '.'-: same, aiwm 
Ijclassified Th 

was used 
; thin and 
: : Indicated 
. but one w3 
Hon; the r< 
. the adhesii 
.. knife was 
In order 
also be us 
; reaction an 
lowing exr* 
J cm long 
tb& thorax < 
J was placed 
: of the dors 
irf the tentl 
■„ ethylene tul 
outer diam 
Were imptei 
under the % 
tajjeously. 
\mtplam>jd a 
• saline solufc 
: The fascia £ 
. .Within the 
stowed a m 
injected sid 
^ejedfed. T 
dayst. The 
jtubes on th^ 
action in th< 
; granulated t 
. iiaplanted i* 
■ tnilajbimatQ] 
. wound heal 
:. weeks after 

: 5acrjficed 3 t 
iplored^ and 
studied histc 
in..aaorjh<j 
; feedute Was 
= between 2,5 
ptofe of thi 
daysf later 

tadsion 3.5 
;3Xlcnsoj> ten] 
'^Nath was i 
M the tibia, 
leased from 
roftte temlo; 
:tfec-: : iip of it 




Material may be| protected by. copyright law (Title 17, U.S. Code) 



. Clinical Orthopaedics 
and Related Research 



> 3 groups accord- 
use the joint while 

/mptoms of func* 
treme stress on the 
in, during racing, 
ymptoms of lame- 
len in motion and 
not while standing. 
I symptoms when 
:e their full weight 
any conditions, 
over the diseased 
ibly warmer than 

'as evaluated on a 
r or not the horse 
v well the animal 
1 of improvement, 
lollows: Poor — the 
and unable to race, 
ifter a short period 

4 weeks) and the 
t spite of repeated 
could race again, 
:11 as immediately 
iptoms; good — the 
;w days after treat- 

5 it did before the 
riod of at least 3 
od was arbitrarily 
•t have the oppor- 
i in this group for 
Kcellent — the horse 
as well as or better 
anifestation of the 
cement was main- 
lths. 

ie effect of the im- 
i on the subcutane- 
lrgical incision, 45 
1 to incisions 4 cm 
i sides of the body, 
scular fascia. The 
) "strokes of "a gauze 
-I great importance 
lage be performed 
nimal. Twenty-five 
ind 10 guinea pigs 
e used. On one side 
acid was implanted 
j; on the other side, 
injected in 2 cases, 
lone may be harm- 
this procedure was 
The surgical pro- 
h sides. Three to 6 



Number 80 
October, 1971 



lntra-a rticufar Injection of Hyaluronic Acid 27 



weeks after the operation, each animal was 
sacrificed and the subcutaneous part of the 
scar explored. The result 'was evaluated by 
comparing the reactions of both sides of the 
same animal. On each side the reaction was 
classified by 3 grades. Grade 1 classification 
was used when the adhesions formed were 
thin and sparse and easily broken; grade 2 
indicated a more dense adhesion formation, 
but one which was easily disrupted on dissec- 
tion; the reaction was classified as grade 3 if 
the adhesions formed a dense tissue and a 
knife was necessary for dissection. 

In order to find out if hyaluronic acid could 
also be used in decreasing connective tissue 
reaction around foreign body implants, the fol- 
lowing experiment was performed : An incision 
3 cm long was made in the lower region of 
the thorax of each of 5 guinea pigs. The incision 
was placed on each side 2 cm from the midline 
of the dorsum, with its midpoint over the tip 
of the tenth rib. On each side 2 hollow poly- 
ethylene tubes, each 1 cm long, with a 10 mm 
outer diameter and a 6 mm inner diameter, 
were implanted. One of the tubes was placed 
under the muscle fascia and the other subcu- 
taneously. On one side, hyaluronic acid was 
implanted around the tubes. On the other side 
saline solution was injected around the tubes. 
The fascia and skin were closed by silk sutures. 
Within the next few days, 2 of the animals 
showed a marked wound reaction on the saline- 
injected side and later the implanted tubes were 
rejected. The wounds then healed within a few 
days. The 3 animals which did not reject the 
tubes on the control side showed a marked re- 
action in the wound area, and a large mass of 
granulated tissue could be palpated. The tubes 
implanted in hyaluronic acid did not cause any 
inflammatory reaction, and in all animals the 
wound healed nicely within a few days. Six 
weeks after the operation, the animals were 
sacrificed, the subcutaneous wound area ex- 
plored, and the capsule around the tubes was 
studied histologically. 

In " another "exr^rimefit, the following pro- 
cedure was- followed : in 35 rabbits -weighing- 
between 2.5 and 4 kg the medial and anterior 
parts of their hindlegs were shaved and 1-2 
days later they were operated on under sterile 
conditions using pentothal anesthesia. A skin 
incision 3.5 cm long was made over the long 
extensor tendon of the great toe. The tendon 
sheath was incised along its anterior attachment 
to the tibia, and the tendon was carefully re- 
leased from the surrounding tissue. The incision 
of the tendon sheath was started 0.5 cm above 
the tip of the medial malleolus and extended 



3.5 cm in the cranial direction. A standardized 
trauma was applied on the dorsal part of the 
tendon by rubbing it 20 times with the serrated 
area of a forceps. The ventral part was rubbed 
30 times with a piece of dry gauze. 

In each rabbit hyaluronic acid was implanted 
into the tendon sheath on one side and the 
tendon sheath was then closed by 2 silk sutures. 
On the other side, which was used as control, 
the sheath was directly closed after the applica- 
tion of trauma, again using 2 silk sutures. On 
both sides 4 silk sutures were used for skin 
closure. Physiologic saline solution was not in- 
jected into the tendon sheath of the control 
side since this treatment is? known to produce 
adhesions. Three weeks after the operation 
the animals were sacrificed. The hind legs 
were amputated above the knee. A small skin 
incision over the medial malleolus was made 
and the tendon was divided 2 mm proximal to 
the ligament which keeps the tendon in the 
groove of the medial malleolus. Another small 
incision was made proximally below the knee, 
and the tendon was dissected free from the 
skin and divided 5 cm above the medial mal- 
leolus. At this point the tendon changes from 
a conical to a cylindrical shape. A silk suture 
was fastened to the proximal end of the sepa- 
rated part of the tendon, and this was freed 
from surrounding tissue. A spring balance was 
attached to the silk, the force necessary to pull 
the tendon out of its sheath was measured, and 
the recorded value was taken as a measure of 
adhesion formation. 

RESULTS 

In the 2 dogs and 6 owl monkeys the 
damaged knee joints, after hyaluronic acid 
treatment, were smoother and showed less 
reaction than the non-injected sides. This 
side also showed an increased amount of 
synovial fluid content as a sign of irritation. 

Independent of our work, a similar study 
was carried out on rabbits, reporting im-_ 
proved healing j of ^cartilage after_ implantation 
of hyaluronic acid. 5 

In all cases of race horses with traumatic 
arthritis a decrease in swelling was recorded 
after each injection. However, the swelling 
seemed to decrease faster after injection of 
hyaluronic acid mixed with cortisone than 
after injections of cortisone alone. The skin 
temperature decreased after injection of hya- 
luronic acid and cortisone; this was observed 
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TABLE 1. Summary of the Clinical Evaluation of Intra-articular Hyaluronic 
Acid-Cortisone Treatment and Cortisone Treatment 





Group 
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Horses in 
Each 
Group 
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less frequently after injections of cortisone 
alone. 

. Table 1 summarizes results of the treat- 
ment in both series. It is obvious that the 
cortisone treatment in combination with 
hyaluronic acid resulted in a more lasting 
and better improvement than when cortisone 
alone was used. Seven horses treated with 
hyaluronic acid and cortisone were able to 
return to racing within a short period of 
time and performed well without further 
treatment for the entire follow-up period. 
Three other horses required one additional 
injection in order to perform as well; results 
of this treatment were judged to be excellent. 
Two horses in this series showed about the 
same degree of improvement, but since they 
could be followed for only 3 months, the 
evaluation of the treatments was judged-to 
be fair- and good r respectively.- - 

Six horses in Series 1 were treated with 
cortisone prior to the hyaluronic acid- 
cortisone injections. Since cortisone treat- 
ment alone did not improve the function of 
the diseased joint, the improvement observed 
in these cases after hyaluronic acid treat- 
ment is especially significant. 

Cortisone treatment of 8 horses produced 
immediate improvement and, in most cases, 



joint function was so good that the horses 
were able to race well for short periods of 
time. In 7 cases, however, improvement was 
temporary. After repeated injections of 
cortisone the symptoms remained unchanged 
and, in many cases, rapid deterioration of 
the function of the joint was obvious after 
continued exercise. 

One of the 45 animals used for studies of 
scar formation and wound healing died in 
connection with the operation, and 5 de- 
veloped infection. These were excluded from 
this study. Of the 39 animals remaining for 
evaluation, 32 showed less connective tissue 
reaction with a smoother subcutaneous scar 
on the hyaluronic acid-treated side, 6 showed 
no difference between the two sides, and in 
one case the control side had the smoothest 
healing (Table 2) . 

- -Of the 10-owl monkeys, 2 .were, excluded, 
due to infection. In 6 of the monkeys, the 
hyaluronic acid-treated side was classified 
as grade 1 and the control side as grade 2; 
in 2 cases, both sides were marked as grade 
2. Four of the 25 rabbits were excluded, 1 
due to death and 3 due to infection. Of the 
remaining 21 rabbits, 16 revealed less re- 
action on the hyaluronic acid-treated side 
(12 classified as grade 1; 4 as grade 2); on 
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TABLE 2* Subcutaneous Tissue Reaction to Surgical Skin Incision With 
and Without Hyaluronic Acid Implantation 



Animals 



Number 
Evaluated 



Less Reaction 
on Hyaluronic 
Acid Side 



Less Reaction on 
Control Side 



No Difference 
Between Hyaluronic 
Acid and 
Control Sides 



Owl monkey 
Rabbit 
Guinea pig 
Total 



8 

21 . 
10 
IT 



6 
16 
10 
~32~ 



0 
1 
0 

T 



2 
4 
0 

T 



the control side, all 16 were classified as 
grade 3. Four rabbits showed no difference 
between the two sides; 3 of them were classi- 
fied as grade 1 and one as grade 2 on each 
side. One rabbit had smoother healing on 
the control side, marked as grade 1, while 
the hyaluronic acid-treated side was marked 
grade 2. 

None of the 10 guinea pigs was excluded. 
All were classified as grade 1 on the hyalu- 
ronic acid-treated side and grade 2 on the 
control side. 

Studies of foreign-body reaction with and 
without hyaluronic acid implantation showed 
that on the side treated with hyaluronic acid 
only minor tissue reaction was observed 
with a few weak adhesions. The polyethylene 
tubes were surrounded by a thin soft capsule, 
which was removed for histological exam- 
ination. On the control side a more extensive 
tissue reaction was observed in all 5 cases, 
with a more marked adhesion formation. In 
the 3 animals which did not reject the tubes, 
a thick capsule was formed around the tubes. 
This was removed for histological examina- 
tion. The microscopicpicture of the capsules 
showed fewer cells and more fibrous tissue - 
on the control side compared to the hyalu- 
ronic acid-treated side (Fig. 1 A and B). 

Of the 35 rabbits submitted to tendon 
damage, 28 showed a significantly higher 
tensile strength of adhesions in the control 
leg where no hyaluronic acid was implanted; 
3 rabbits showed a significantly higher tensile 
strength on the hyaluronic acid-treated side. 
Pour of the animals showed no difference 



between the two sides; of these, 3 had weak 
adhesions on each side. In 5 of the rabbits, 
the adhesions on the control side were so 
strong that the tendon partly broke. In these 
cases strong adhesions were formed in the 
bottom of the tendon groove due to a 
periosteal reaction with new bone formation 
(Table 3). 

DISCUSSION 

The mechanism of the clinical improve- 
ment after intra-articular injections of hyalu- 
ronic acid is not clear. To restore the surface 
layer of hyaluronic acid is probably impor- 
tant, but there are other factors that may 
contribute to the improvement. 

The biopolymer itself may provoke a re- 
action in the synovial tissue that has a con- 
trolling effect on the pathological process. 
When hyaluronic acid is injected into a 
normal or arthritic (degenerative or trau- 
matic) joint, a rapid influx of mononuclear 
macrophage-like cells occurs (Fig. 2). These 
cells contain large (lysosomal) basophilic 



"TABLE 3. Formation of Adhesions" - 
Around Traumatized Tendons in Rabbits 
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Fig. 1. Connective tissue capsule around polyethylene tube implanted with (A) and 
without (B) hyaluronic acid (H & E). 



granules that give the acid phosphatase and 
periodic acid Schiff reactions. The amount 
of these cells in horse joint reaches peak 
value 24 hours after injection. At the same 
time, a considerable number of polymorpho- 
nuclear cells also are present in the joint; 
however, no clinical sign of inflammation 
is observed, such as swelling, pain, or in- 
creased skin temperature. It is possible that 
this macrophage invasion is instrumental in 
producing improvement of the condition of 
the joint. These cells are of phagocytic type, 
and they may participate in the removal of 
the injected hyaluronic acid. To ascertain 
that the presence of these cells is a response 



to the injection of hyaluronic acid itself and 
not to impurities, 40 ml of synovial fluid 
taken from several joints of a horse were 
centrifuged at 105,000 X g for 12 hours 
under sterile conditions. The hyaluronic acid 
concentration was approximately 5 times 
higher in the injected fluid than in the nor- 
mal fluid, but the protein content was only 
slightly elevated. The highly viscous sedi- 
ment, about 4 ml, was then injected into a 
previously unpunctured joint of the same 
horse from which the sample was collected. 
The cellular response was similar to that 
obtained after hyaluronic acid injection. This 
experiment suggests that the increase in large 




Fig. 2. Large mononuclear cells with lysosomal granules in the horse joint 24 hours 
after injection of 20 mg hyaluronic acid. Cells fixed in buffered glutaraldehyde were 
stained using Gomori's acid phosphatase method. 
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mononuclear cells represents a reaction to 
the increase in hyaluronic acid concentra- 
tion. This concept is supported by the find- 
ing that the same hyaluronic acid prepara- 
tions increase the macrophage content in the 
abdominal cavity of mice and rats (Balazs 
and Friberg, unpublished data). 

SUMMARY 

In dogs and owl monkeys, intra-articular 
implantation of hyaluronic acid (HA) in 
damaged joints significantly improved the 
healing process. Of 39 animals, 32 showed 
less connective tissue reaction with a 
smoother subcutaneous scar when the 
wound was treated with HA. In 5 animals 
tested, implanted foreign bodies showed less 
reaction if they were embedded in HA be- 
fore the implantation. Twenty-eight out of 
35 rabbits with tendon injuries had greatly 
reduced adhesion formation around the ten- 
don after implantation of HA. In 12 race 
horses with traumatic arthritis, improvement 
was observed after intra-articular injections 
of HA mixed with Depo-Medrol, while 8 
horses treated with Depo-Medrol alone did 
not improve to the same extent. 
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